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FIG. 2 



(54) An apparatus and method for curing a photocurable coating provided on a fiber 

(57) An apparatus (100) for curing a photocurable 
coating provided on a fiber (1), includes an irradiator 
tube (2) having an upstream end on which an injection 
assembly (20) is provided, and a downstream end on 
which an exhaust assembly (40) is provided. The injec- 
tion assembly receives an inert gas flow. The injection 
assembly includes a diffuser (22) that splits the inert 
gas flow into a counter flow and a tube f^ow. The counter 
flow is directeo counter to the travel direction of the fiber, 
and the tube flow is directed in a laminar fashion 
through the irradiator tube. The exhaust assembly has a 
vent (44) though which the tube flow is drawn, and an air 
opening (48) provided between a downstream end of 
the irradiator tube and tne exhaust vent. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates in general to a curing apparatus used in the drawing process of an optical fiber, 
and more particularly to an apparatus that cures the photocurable coating as the coated fiber passes through the appa- 
ratus. 

BACKGROUND 

10 

[0002] The manufacture of fiber optic cable involves drawing a preform to form a fiber. The drawn fiber is coated 
with a photocurable coaling, and then exposed to ultraviolet (UV) radiation to cure the coating. The UV light activates 
photoinitiators in the coating that trigger the coating reaction as a whole. Typically, an irradiator tube, which is transpar- 
ent to UV radiation, defines a space through which the fiber travels. The irradiator tube maintains an atmosphere which 
15 is inert with respect to the coating on the fiber, and also shields the fiber from vigorously circulated lamp coolant (blown 
air for example). 

[0003] The polymerization (or curing) reaction is affected by several factors. First, oxygen in the irradiator tube 
inhibits the polymerization reaction. Oxygen may exist in the coating starting materials and in the irradiator tube during 
the cure process. The oxygen very rapidly combines with the activated photoinitiators in the coating to form a chemical 
20 with low reactivity This essentially halts the curing reaction. Conventionally, therefore, an inert gas flow is provided 
through the irradiator tube to displace the oxygen in the fiber cuhng environment. 

[0004] Second, the polymerization reaction rate is proportional to the UV light intensity to which the coating is 
exposed. Conventionally, therefore, by-products (or fumes) of the polymerization reaction are exhausted from the irra- 
diator tube. OthenA/tse, these by-products would deposit on the irradiator tube and reduce the UV radiation impinging 
25 on the coating. 

[0005] Third, it is important to strike a balance between the low oxygen concentration within the irradiator tube and 
the exhaustion of the coating cure by-products (or fumes) from the irradiator tube. For a particular application, the flow 
rate of the inert gas remains constant, and the flow rate of the exhaust is adjusted to achieve the desired balance. For 
example, if the exhaust flow is increased, the coating cure fumes are more effectively exhausted out of the irradiator 
30 tube. However, if the exhaust flow is too high, too much oxygen enters into the irradiator tube, thereby defeating the opti- 
mization of the curing reaction. 

[0006] The conventional techniques for curing the coating on a fiber involve providing an inert gas flow through the 
irradiator tube and exhausting the curing fumes from tne irradiator tube. Although these conventional techniques are 
generally thought to be acceptable, they are not withou: shortcomings. In particular excessive amounts of oxygen and 

35 cunng fumes still remain in the irradiator tube, thereby reducing the curing reaction efficiency. The curing fumes are par- 
ticularly problematic because they darken the irradiator tube based on curing throughput. Thus, the irradiator tube must 
be periodically replaced. The replacement process reduces manufacture yields and limits the size of the draw run. 
[0007] Further, the inen gas flows within the irradiator tube cause the fiber to vibrate when drawn. These vibrations 
may be inadvertently detected by a device that monitors the quality of the coating. As a result, the quality inspecting 

40 device may incorrectly determine that the fiber coating nas defects. 

SUMMARY OF THE INVENTION 

[0008] The invention resides in an apparatus for curing a photocurable coating provided on a fiber. The apparatus 

45 incluoes an irradiator tube, an injection assem.bly. and an exhaust assembly. 

[0009] The in ection assembly is provided on an upstream end of the irradiator tube. The injection assembly 
receives an inert gas flew. The injection assembly includes a diffuser that separates :he inert gas flow into a counter 
flow and a tube flew The counter flow flows in a counter (or opposite) direction with respect to the fiber travel di-ection, 
and the tube flow flows in a laminar fashion, through the irradiator tube, in the fiber travel direction. 

50 [0010] The exhaust assembly is provioed on a downsiream end o* the irradiator tube. The exhaust assembly has 
an exnaust vert that draws the tube flow from the irradiator tube. An air ooening is provioed between the downstream 
end of the irraoiator tube and the exhaust vent. 

[0011] The present invention also resides in a method for curing :he photocurable coa:inc provided on the fibe^ 
First, the coated f ber is transported through the irradiator tube in a fiber travel direction. Ar inert gas flow is directed 
55 toward the ups:ream end of the irrad atcr tube. The inen gas flow is then separated into a counter flow and a tube 'low. 
The.CDunter flow is directed along the coated f be' in a oirection that is counte- to the fiber travel direction. The tube flow 
is directed tnrougri the irraoiator tube in a lam'.na' fashion, anzi in the fioer travel direction. The tube flow is drawn from 
a downstream end of the in-adiator tube and passed through a ven:. Finally an air flow is passed into the drawn tube 
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flow, before the drawn tube flow passes through the vent. 

[001 2] The above and other features of the invention including various and novel details of construction and proc- 
ess steps will now be more particulariy described with reference to the accompanying drawings and pointed out in the 
claims It will be understood that the particular apparatus and method for curing a photocurable coating provided on a 
fiber embodying the invention is shown by way of illustration only and not as a limitation of the invention. The pnnciples 
and features of this invention may be employed in varied and numerous embodiments without departing from the scope 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a schematic view of a device used to manufacture fiber optics incorporating a curing apparatus according 
to an embodiment of the present invention; 

Fig. 2 is a sectional view of an apparatus for curing a photocurable coating provided on a fiber, according to an 
embodiment of the present invention; and - 

Fig. 3 is a sectional view of a diffuser of the apparatus shown in Fig. 1 . 
DETAILED DESCRIPTION OF THE INVENTION 
I. The Apparatus: 

[0014] Fig. 1 schematically shows an exemplary device used to manufacture fiber optics. The device incorporates 
a curing apparatus 100 according to the present invention. The fiber is first drawn from a prefonn 50 that is heated by 
a heater 60. The drawn fiber continues through successive processing stations before being wound onto a capstan 300. 
[0015] After being drawn, the fiber is fed through the coating device 200 that coats the fiber with a photocurable 
coating The coated fiber 1 is then fed through the curing apparatus 100 in whicn UV lamps activate and cure the coat- 
ing. As shown in Fig. 1. multiple curing apparatuses 100 may be adjacently positioned to cure a single coattng. Also, 
multiple coating devices 200 may be provided along the travel path of the drawn fiber. 

[0016] Fig 2 shows the curing apparatus 1 00 used to cure the photocurable coating provided on the fiber. The cur- 
ing apparatus 100 includes an irradiator tube 2 having ends on which are respectively provided an injection assembly 
20 (on the upstream end 4) and an exhaust assembly 40 (on the downstream end 6). After being drawn and coated, the 
fiber 1 travels in a travel direction (arrow 3) sequentially through the injection assembly 20. the irradiator tube 2. and the 
exhaust assembly 40. . , 

[0017] The irradiator tube 2 may be fabricated from quanz. sapphire, or other material which transmits at least the 
portion of the spectrum that is used to cure the photocurable coating. In other words, the irradiator tube 2 should be 
transoarent to UV radiation. Preferably, the radiator tube 2 also has heat resistant charactenstics. 
[0018] A UV source 8. positioned adjacent to the irradiator tube 2, emits UV radiation through the irradiator tube 2 
and ohto the coated fiber 1. Thus, the curing reaction is initiated as the fiber 1 passes through ihe irradiator lube 2. 
[0019] The injection assembly 20 includes a pair of inlet ports 21 through which an inert gas flows. In Fig. 2, the 
inlet pons 21 are orovided on opposite sides of the irradiator tube 2. However, the number and arrangement of the inlet 
ports 21 may vary depending on the particular application. The inlet ports 21 oirect tne mert gas flow to a diffuser 22 
provided in the injection assembly 20. 

[0020] Tuming briefly to Fig. 3, the diffuser 22 separates the inert gas flow into a counter flow 1 2 and a tube flow 
^c Specifically, the diffuser 22 includes apertures 24 that direct a portion of the inert gas flow (tne counter flow 12) inio 
a pressure chamber 29. and apertures 26 that direct a portion of the inert gas flow (the tube flow 14) into the irraoiator 
tuoe 2. It will be appreciated that the number, size, and arrangement of the apertures 24, 26 may vary depending on 
the desired flow rates of the counter flow 12 and tube flow 14. 

[0021] Turning back to Fig. 2. the counter flow t2 enters into the pressure chamber 29 to strip off oxygen -estding 
on the fiber 1 . before the fiber 1 enters into the irradiator tube 2. The counter flow 12 then exits the curing apparatus 
1 00 via a fiber inlet 2B provided in the injection assemb.y 20. At tnis time, the counter flow 1 2 moves counter to the fiber 
trave direction 3. In this way the counter f.ow 12 prevents oxygen from entering into tne curing apparatus 100. 
[0022] The tube flow 14 is directed from the diffuser 22 n a laminar manner. Specifically the apertures 26 in the 
diffuser 22 are axially aligned with the interior of the i^adiator tube 2. Thus, the inert gas of the tube flow U travels 
alone well-defined separate lines that are parallel to tne fiber favel direction 3. in this way the tube flow 14 passes 
th'ough the irradiator tube 2 in the fiber travel direction 3. without vibrating the coaled f ioer 1 . The tube flow 1 4 displaces 
oxygen ano curing fumes out of the irradiator tube 2. "he tube flow 14 exits the irrad atcr tube 2 via the down stream 
erd 6. and enters into the exhaust assembly 40. 



3 



EP 1 088 638 A2 

[0023] The exhaust assembly 40 includes an aspiration chamber 42 having an exhaust vent 44 through which the 
tube flow 1 4 and curing fumes are drawn. The exhaust assembly 40 also includes an air opening 48 provided upstream 
of the exhaust vent 44. The air opening 48 allows air to enter into the aspiration chamber 42. The location of the air 
opening 48 (between the irradiator tube 2 and the exhaust vent 44) allows fine tuning of the exhaust from the irradiator 
5 tube 2. Namely, the air flow lessens the strength of the exhaust from the irradiator tube 2. and thus dampens adjust- 
ments that are made to the exhaust flow rate through the exhaust vent 44. This fine tuning enables the most desirable 
conditions in the irradiator tube 2 to be obtained, i.e.. a low oxygen concentration and an efficient exhaust of the curina 
fumes. ^ 

10 II. The Method: 

[0024] The fiber is first drawn from the preform 50 and coated by the coating device 200 with a photocurable coat- 
ing. Then, the coated fiber 1 travels in the travel direction 3 through the curing apparatus 100. 

[0025] As the coated fiber 1 travels through the curing apparatus 100, an inert gas flow is directed into the inlet 
15 ports 21 . Typically, the inert gas flow is a nitrogen flow. It will be appreciated, however, that any gas may be used, so 
long as the gas is inert to the curing process. The diffuser 22 separates the inert gas flow into a counter flow 1 2 and a 
tube flow 14. The counter flow 12 travels against the fiber travel direction 3 and scrubs oxygen from the coated fiber 1 
before it enters into the irradiator tube 2. The counter flow then exits the curing apparatus 100 via the fiber inlet 28 On 
the other hand, the tube flow 14 travels in the fiber travel direction in a laminar like fashion. The tube flow 14 travels 
20 through the irradiator tube 2 and displaces oxygen and curing fumes from the irradiator tube 2. 

[0026] The counter flow rate and the tube flow rate may vary from one application to the next. Preferably, however, 
these flow rates remain substantially constant during a single draw run. Moreover, it will be appreciated that the flow 
rates can be adjusted by changing the inert gas flow rate into the inlet ports 21 . Also, the flow rates can be adjusted by 
replacing the diffuser 22 with another diffuser having a different aperture structure. For example, if the replacement dif- 
fuser has more apertures leading to the pressure chamber 29 (as compared to the original diffuser), the flow rate of the 
counter flow will increase. 

[0027] The scrubbed fiber passes through the irradiator tube 2 and receives UV radiation from the irradiation 
source 8. The UV radiation cures the coating on the fiber. The curing reaction creates fumes. 

[0028] The exhaust vent 44 in the exhaust assembly 40 draws the tube flow 1 4 and the curing fumes from the irra- 
30 diator tube 2. The drawn tube flow 1 4 pulls air through the air opening 48 and into the aspiration chamber 42. 

[0029] Those skilled in the art wilt appreciate that the curing conditions in the irradiator tube 2 may be optimized by 
adjusting the counterflow rate, the tube flow rate, and/or the exhaust flow rate. In this respect, a balance must be struck 
between competing goals (the low oxygen content, and the efficient exhaust of the curing fumes), to achieve the most 
desirable curing conditions. Preferably, the flow rate of the exhaust is adjusted according to the tube flow rate of the inert 
35 gas- The air passing through the air opening 48 advantageously allows the conditions in the irradiator tube 2 to be finely 
tuned. Moreover, the air opening 48 enhances the evacuation of curing fumes from the irradiator tube 2, and at the 
same time prevents the irradiator tube 2 from experiencing an excessive exhaust pressure. 

[0030] The improved results achieved by the present invention are illustrated in the Table below. In the Table the 
cure measurement results are plotted as a function of the position of the fiber sample taken along the preform from 
40 which it was drawn. The percent coating cure was obtained using a Fourier Transformer infrared (?^1R) system. FTIR 
systems are well known in this an, and therefore wili not be described in detail. 

[0031] The Table presents comparative test results between a conventional curing technique and the curing tech- 
nique according tc the present invention. The diamonds in the Taole represent cure measurements of fiber drawn using 
a conventional technique in which nitrogen flows in tne irradiator tube counter to the fiber :ravel direction, and the nitro- 
ns gen flow and curing fumes are exhausted from an upstream end of the irradiator tube. The circles represent cure meas- 
urements of fiber drawn using the method and apparatus according to an embodiment of the present invention, 
[0032] The Table also illustrates two trend lines; a first trend iine A fitted to the data obtained from the conventional 
curing technique, and a second trend iine B fitteo to the data obtained from tne oresent invention. The trend lines A B 
represent the average cure value for a given length along the fiber. The trend lines were computed by regression anai- 
50 ysis. 



25 



55 



4 



EP 1 088 638 A2 



w 



3 
O 

cn 
c 



o 
o 



o 





















































- •:- •.<":«»- -: '.<r<><^. * > A : - ' ■ ^ " ■ - '-i>> >- ^ i^.-wV. >> ;^ : t' ; 







20 



Fiber Length inlo Preform 



25 [0033] Using the technique of the present invention the coating cure between fiber samples at different points down 
the length of the preform are consistent. The percent coating cure only slightly declines over the length of the drawn 
fiber. This slight decline is negligible. On the other hand, using the conventional technique, the percent coating cure sig- 
nificantly declines over the length of the drawn fiber 

[0034] The improved results of the present invention are attributable to the nearly oxygen-free environment main- 
30 tained in the in-adiator tube 2, and at the same time, the effective exhaustion of the curing fumes that would othenwise 
inhibit the curing reaction. In the present invention, the coated fiber is exposed to the same UV intensity throughout the 
preform draw run. 
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Claims 

1. An apparatus (100) for curing a photocurable coating provioed on a fiber, the apparatus comprising: 

an Irradiator tube (2) through which the coated fiber (1 ) passes from an upstream end of said irradiator tube to 
a oownstream end of said irradiator tube; and 

an injection assembly (20) provided on said upstream end of said irradiator tube; wherein saio injection assem- 
bly injects a laminar flow of a gas through saio irradiator tube. 



45 



2. The apparatus according to claim 1 . wherein the gas flows from said upstream end of said irradiator tube to said 
oownstream end of said irradiator tube 

3. The apparatus according to claim ^ or 2, further including: 



50 



an exnaust assembly (40) provided on said downstream end of said tjbe. said exhaust assembly having an 
exhaust vent (44) that draws the gas from said irradiator tube; wherein said exhaust assembly includes an air 
opening '48) provided between said downstream end of said irradiator tube and said exhaust vent 



4. The apparatus according to one of claims 1 to 3. further including: 

a fiber inlet (28t provided in said injection assembly and through which the coated fiber passes before entering 
into said irradiator tube; and 

a oiftuser (22) provided on said in.ection assembly, said diffuser separating a gas flow into (1st) a counter flow 
that passes through saio fiber inlet, and (2nd) a tube flow tnat passes through said irradiator tube (2) in a lam- 
inar fashion. 
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5. An apparatus (1 00) for curing a photocurable coating provided on a fiber (1 ), the apparatus comprising: 

an irradiator tube (2) through which the coated fiber passes from an upstream end of said irradiator tube to a 
downstream end of said irradiator tube; 
5 - an injection assembly (20) provided on said upstream end of said irradiator tube, said injection assembly 

adapted to inject a gas flow into said irradiator tube; and 

an exhaust assembly (40) provided on said downstream end of said irradiator tube, said exhaust assembly 
having an exhaust vent (44) that draws the gas flow from said irradiator tube; 

wherein said exhaust assembly includes an air opening (48) provided between said downstream end of said 
10 irradiator tube and said exhaust vent. 

6. The apparatus according to claim 5, wherein the gas flows in a laminar fashion through said irradiator tube. 

7. The apparatus according to claim 5 or 6, wherein the gas flows from said upstream end of said irradiator tube to 
15 said downstream end of said irradiator tube. 

8. The apparatus according to one of claims 5 to 7, further including: 

a fiber inlet (28) provided in said injection assembly and through which the coated fiber passes before entering 
20 into said irradiator tube; and 

a diffuser (22) provided on said injection assembly, said diffuser separating the gas flow into (1st) a counter 
flow that passes through said fiber inlet, and (2nd) a tube flow that passes through said irradiator tube. 



25 



35 



9. An apparatus (1 00) for curing a photocurable coating provided on a fiber (1 ), the apparatus comprising: 

an irradiator tube (2) through which the coated fiber oasses from an upstream end of said irradiator tube to a 
downstream end of said irradiator tube; 

an injection assembly (20) provided on said upstream end of said irradiator tube, said injection assembly hav- 
ing a fiber inlet (28) through which the coated fiber passes before entehng into said irradiator tube, said injec- 
tion assembly adapted to receive an gas flow; and 

a diffuser (22) provided on said injection assembly, said diffuser separating the gas flow into (1st) a counter 
flow that passes through said fiber inlet, and (2nd) a tube flow that passes through said irradiator tube. 

10. The apparatus according to claim 9, wherein the tube flow flows in a laminar fashion through said irradiator tube. 

1 1 . The apparatus according to claim 9 or 1 0, wherein tne tube flow flows from said upstream end of said irradiator tube 
(2) to said downstream end of said irradiator tube. 

12. The apparatus according to claim 9, 10 or 1 1, further including; 

40 

an exhaust assembly (40) provided on said downstream end of said irradiator tube, said exhaust assembly 
having an exhaust vent (44) that draws the tube flow from saio irradiator tube; 

wherein said exhaust assembly includes an air opening (48) provided between said downstream end of said 
irradiator tube and said exhaust vent. 

45 

13. A method for curing a photocurable coating provided on a fiber, the method comprising the steps of; 

transporting the coated fiber (1 ) through an irradiator tube (2); and 

directing a laminar flow o^ an gas through the irradiator tube (2) in a direction that is parallel to a travel direction 
50 of tne coated fiber. 

14. The method according to claim 13. wherein the laminar flow is in the travel direction of the coated fiber. 

15. The method according to claim 13 or 14, further including the steps of: 

55 

drawing the gas flow from a downstream end of the irradiator tube (2) and passing the drawn gas flow througn 
a vent (44); ano 

oassing air into the drawn gas flow before the drawn gas flow oasses through the vent. 



6 




EP 1 088 638 A2 

16. The method according to claim 13, 14 or15. further including the steos of: 

providing a gas flow toward the coated fiber at an upstream side of the in^diator tube (2); and 
separating the gas flow into (1st) a counter flow directed along the coated fiber (l) in a direction that is counter 
5 to the travel direction of the coated fiber, and (2nd) a tube flow that passes through the irradiator tube (2). the 

tube flow being the laminar flow. 

17. A method for curing a photocurable coating provided on a fiber (1), the method comprising the steps of: 

10 - transporting the coated fiber through an irradiator tube (2); 

directing an gas flow through the irradiator tube in a travel direction of the coated fiber; 

drawing the gas flow from a downstream end of the irradiator tube and passing the drawn gas flow through a 
vent (44); and 

passing air into the drawn gas flow before the drawn gas flow passes through the vent. 

15 

18. The method according to claim 1 7, wherein the gas flow passes through the irradiator tube in a laminar fashion 

19. The method according to claim 17 or 18, wherein the directing step further includes: 

20 ' providing an gas flow toward the coated fiber at an upstream side of the irradiator tube; and 

separating the gas flow into (1st) a counter flow directed along the coated fiber in a direction that is counter to 
a travel direction of the coated fiber, and (2nd) a rube flow that passes through the irradiator tube in the travel 
direction of the coated fiber 

25 20. A method for curing a photocurable coating provided on a fiber, the method comprising the steps of: 

transporting the coated fiber (1) through an irradiator tube (2): 

providing an gas flow toward the coated fiber at an upstream side of the irradiator tube; and 
separating the gas flow into (1 st) a counter flow directed along the coated fiber in a direction that is counter to 
30 a travel direction of the coated fiber, and (2nd) a tube flow that passes through the irradiator tube. 

21. The method according to claim 20, wherein the tube flow passes through the irradiator tube in a laminar fashion. 

22. The method according to claim 20 or 21 . wherein tne :ube flow is directed in the travel direction o* the coated fiber 

35 

23. The method according to claim 20, further including the steps of: 

drawing the tube flow from a downstream end of the irradiator tube and passing the drawn tube flow through a 
vent (44); and 

<o - passing air (48) into the drawn tube flow before the drawn tube flow passes through the vent. 
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FIG. 3 
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